Xanthine oxidase has been known as " Schardinger's enzyme" or as aldehydrase, and is understood to oxidize purines and aldehydes. Using hypoxanthine as a substrate, this enzyme dehydrates the substrate to form uric acid, under the presence of oxygen.
The histochemical application of this reaction was brought to realization by Bourne (1953) using neotetrazolium as an electron acceptor, by W o h 1 r a b (1961) and by S a c k 1 e r (1966) using nitro-blue tetrazolium to produce formazan on the tissue section so that the site of the enzyme was visualized by blue or violet coloration.
As far as the localization of the enzyme is concerned, each report on a certain tissue differs from other report on the other tissue.
Histochemical survey revealed the presence of the enzyme activity in the cytoplasm in the intestinal epithelial cells of rats (S a c k 1 e r, 1966), while the activity was reported to be concentrated in the supernatant fraction of the small intestine and of the liver in the field of cell fractionation study (Hopkins and Dixon, 1922 , Lang, Degkwitz and Bassler, 1956 and Villela and Af fonso, 1955 . On the other hand, xanthine oxidase is found to be associated with microsomes or similar particles in the mammary gland (B a i 1 i e and M o r to n, 1958 and Cole et al., 1959) . To make clear the reasons for these discrepancies between each result depending upon tissues and methods, a new cytochemical procedure to demonstrate xanthine oxidase activity in the tissue on the electron microscopic level was developed in this study.
Besides, the results on the small intestine by use of the new method were described and compared with those which were obtained by means of the different kind of the methods.
Materials and Methods
Small intestine of mice, mostly duodenum and jejunum, was used for this study.
The small pieces or thin slices of the intestine were treated in one of the following three ways. 1) They were fixed for 20 minutes at 4°C in a 2.5% glutaraldehyde solution prepared in 0.1 M Na-cacodylate buffer, pH 7.4, and washed with the same buffer in the cold for 4 hours. Frozen sections of 30p thick were applied for one hour at room temperature to the incubation medium for reaction, which will be formulated later.
The tissues were then rinsed twice in the same buffer each for 15 minutes, refixed with 6.25% glutaraldehyde solution, rinsed overnight with the same buffer and finally postfixed in 2% osmium tetroxide in veronal acetate buffer for one hour.
2) The small blocks or slices of the tissue were cut across in the incubating medium on ice and left in the medium for 30 minutes at room temperature, without any prefixation.
After incubation, the tissues were rinsed twice for 15 minutes in cold 0.1 M Na-cacodylate buffer, pH 7.4, containing 0.22 Att sucrose, and then fixed with 6.25% glutaraldehyde in cold 0.1 M Nacacodylate buffer (final pH 7.4) for 1 hour. After rinsing overnight in the same buffer, the blocks or slices were postfixed in 2% osmium tetroxide buffered to pH 7.4 with veronal acetate buffer.
3) The fresh tissue was cut in small blocks or slices with or without " tissue sectioner "* in the mixture consisting of the equal volume of 2.5% glutaraldehyde in 0.05 M phosphate buffer, pH 7.4 and the incubation medium, and left for either fixation or reaction in the same mixture for 1 hour at room temperature.
The blocks or slices were rinsed in cold 0.05 M phosphate buffer, pH 7.4, for 30 minutes, fixed with 6.25% glutaraldehyde, rinsed and finally postfixed in osmium tetroxide.
Fixation with formaldehyde was not employed in this study, since the biochemical data by S a c k 1 e r (1966) showed that the fixative destroyed the enzyme activity completely.
The incubation media were prepared as follows : In preparing medium A, each component was mixed in order from top to bottom using magnetic stirrer for 30 minutes at room temperature, and the mixture was filtrated before use.
Medium B is practically the saturated solution of hypoxanthine, but also filtrated before use. Controls were run by omitting hypoxanthine from the incubating media. The specific inhibitor such as 2-amino-4-hydroxy-6 formylpteridine and 3, 3', 4, 4'-tetrahydroxychalcone (B r a y, 1963) were not used in this experiment.
In each procedure of the three which were mentioned above, the postfixation in osmium tetroxide is followed by the quick dehydration in ethanol starting at 70%, and finally by embedding in Epon 812 (L u f t, 1961). Ultrathin sections were obtained on a Porter-Blum microtome, MT-1, provided with glass knives. Thin sections, picked up on chloroprene rubber coated grids (K us hid a and F u j i t a, 1964) were stained with dilute alcoholic uranyl acetate and successively restained with R a y n o 1 d' s lead citrate (1963) . Sections were examined with the HU-11 B electron microscope operating at 75 Ky.
Results
In the intestinal epithelial cells, the reaction product, copper ferrocyanide, is concentrated in mitochondria ( The final product is deposited evenly in the matrix and more densely than the matrix along the surface of the cristae (Figs . 4 and 5). The reaction product was not found in the intercristal space.
The striated border is, as already well known, composed of regularly arranged microvilli, and the surface is coated by the dense particles ( Fig. 1) . But, the deposition of the dense particles is occasionally limited on a certain cell, while the next cell is not furnished by the particles (Figs. 1 and 2) . Moreover, the copper ferrocyanide does not give the granular appearance. Therefore, the dense particles recognized on the surface of the striated border is not attributable to the reaction product but to the particulated residue of the intestinal contents.
The cisternae of the rough-surfaced endoplasmic reticulum is filled by amorphous dense material (Figs. 2, 4 , 5, 6, 7 and 8). The granular pattern, more or less fallen into the category of the intracisternal granule, is not recognized in the cisternae.
The enzymatic reaction is not only confined to the cisternae of the intestinal epithelial cells, but also encountered in those of other kinds of cells composing the intestinal wall, such as the cells in the lamina propria (Fig. 8) .
The dark deposition of the formazan in the apical cytoplasm observed under the light microscope might possibly correspond to the positive reaction in mitochondria and cisternae of the rough-surfaced endoplasmic reticulum on the electron microscopic level, both of which are the main component of the apical cytoplasm. The cisternae of Golgi lamellae as well as the vacuoles and vesicles around the Golgi area are also occupied by the final reaction product (Figs. 4, 7 and 8) . It is noteworthy to say that the cisternae, filled with the reaction product, of both Golgi lamellae and rough-surfaced endoplasmic reticulum come often into contact with each other at the area where is close to the end of Golgi lamellae (Fig. 4) . The cisternae of rough-surfaced endoplasmic reticulum near the Golgi lamellae give fairly enlarged feature, comparing with the other part of the cisternae (Fig. 7) . In Paneth cells, the enlarged cisternae, Golgi lamellae and the secretory granule are situated closely with each other (Fig. 7) . The core of the granule is not positive to the reaction, together with the surrounding clear holo which is also negative of enzyme.
The dense body of lysosomal nature in the Paneth cell is free of the enzyme (Figs. 7 and 8) .
The cisternae between inner and outer nuclear membranes, or the perinuclear cisternae, are as well filled up with dense final reaction product as in the cisternae of the rough-surfaced endoplasmic reticulum, regardless of cell types in the intestine (Figs. 4, 5, 7 and 8) .
In the goblet cell, the material in the cisternae of rough-surfaced endoplasmic reticulum is positive to the enzymatic reaction, while the goblet granules demonstrate negative image.
Discussion
The principle's which characterize the new procedure to demonstrate xanthine oxidase are, 1) the use of potassium ferricyanide as an electron transport. system (0 g a w a et al., 1968) , 2) the use of glutaraldehyde for the fixative and omission of formaldehyde which influences the enzymatic activity (S a c k 1 e r, 1966), 3) the use of the mixture consisting of the equal volume of the fixative and the substrate to get simultaneous effect on both fixation and enzymatic reaction, and 4) that, hypoxanthine was directly mixed in the powdery form with the incubation medium to get as high concentration as possible.
Considering the composition of the medium A, copper sulfate is reported to inactivate xanthine oxidase (B e r gel and B r a y, 1959). To avoid the possible inhibition of the enzyme by copper sulfate during the incubation period, the tissue was firstly treated with the medium A without copper sulfate, rinsed and then put in copper sulfate solution.
In this attempt, the process to form the final product, copper ferrocyanide, was divided into two steps. As a result, the deposition of the reaction product was not well defined. In other words, it was not confirmed whether or not the potassium ferrocyanide, supposed to be produced in the first step, combined with copper in the tissue to form copper ferrocyanide as the final reaction product.
While, according to Berge 1 and Bray (1959), the inactivation of xanthine oxidase by copper occurs only in the region of pH 6-7, and the effective concentration of the copper is more than 10-3M to inactivate 0.1% xanthine oxidase. In the final analysis, the copper in the medium A might not be too much inhibitory for the enzyme reaction at pH 7.4, judging from its low concentration used in this study. Medium B was used in the same manner as medium A . As well known, the final product, or the diformazan, is readily dissolved in several solvents used during the embedding process in epoxy resin, and eventually gives poor contrast in the electron microscopy , though the selection of embedding materials and procedure are carefully considered.
For the reason mentioned above , medium B was not preferably used in this study.
As for the incubation period, one hour at room temperature or 30 minutes at 37°C are found to be suitable . But, it is also noticed that the longer incubation does not necessarily influence the electron microscopic figures, within the range of 2-3 hours incubation at room temperature or of 1-2 hours at 37°C. The possible alternation of the chemical nature of both glutaraldehyde and medium A, caused by mixing with each other, should. be taken into consideration.
Ultimately, no visible precipitate occurred after mixing.
Moreover, xanthine oxidase activity is more strongly demonstrated in this mixture than the case in which glutaraldehyde and medium A are applied in turn to the tissue separately.
It may be given as a concluding remark regarding the reliability of using the mixed solution that the mixture is still good for both fixation and enzymatic reaction on the electron microscopic level. But, using the intermixture itself leaves some question, because this attempt is not based on the theoretical background but on the empirical fact. The addition of cytochrome c, methylene blue, ferritin and phenazin methosulfate to either medium A or B did not improve the cytological localization of copper ferrocyanide.
Considering the localization of xanthine oxidase in the intestine, reaction in mitochondria may easily be understood, since this enzyme has more or less some connection with the electron transport system (G r e e n, 1956). Supposing that xanthine oxidase may have a controlling effect on the synthesis of the nucleic acid as Bray (1963) has suggested, the distribution pattern of the enzyme in the cisternae of both nuclear envelope and rough-surfaced endoplasmic reticulum is favorably comprehensible in connection with the protein synthesis within a cell.
While, the cell fractionation studies tell that xanthine oxidase is recognized in the supernatant of rat intestine (S a ckle r, 1966) and liver, and in the microsomes or similar particles in the natural state in the mammary gland (S c h e i n, 1952, M e i k l eh a m, 1951 and Bailie and M o r to n, 1958). Histochemical survey showed a strong activity in the apical cytoplasm in the intestinal epithelial cells (S a c k 1 e r, 1966). As already reported in this study, xanthine oxidase activity was found in mitochondria, cisternae of nuclear envelope and rough-surfaced endoplasmic reticulum, and in the Golgi lamellae and vesicles.
These results do not always coincide with those obtained in cell fractionation and histochemical studies. The significant differences are pointed out among these three results regarding the location of xanthine oxidase in mitochondria and in the amorphous cytoplasm.
Namely, the presence of the enzyme in mitochondria is recognized only by the electron microscopic histochemistry, while the enzymatic reaction in the amorphous cytoplasm is suggested only by the result of cell fractionation study.
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x 7,500. Fig. 3 . The control section shows the negative reaction in the mitochondria in the basal cytoplasm.
x 7,500. Fig. 4 . The pen-nuclear region of the intestinal epithelial cells. The cisternae of Golgi lamellae(g), rough-surfaced endoplasmic reticulum (rer) and those of the nuclear envelope are filled with dense reaction product.
The Golgi vesicles showed positive reaction.
Both rough-surfaced endoplasmic reticulum and Golgi lamellae come in contact with each other at the end of the Golgi lamellae(g). x 12,500. Fig. 5 . The reaction is positive in mitochondria and in the cisternae of rough-surfaced endoplasmic reticulum.
x 12,500. Fig. 6 . In the Paneth cell, as well as in the intestinal epithelial cell, the cisternae of rough-surfaced endoplasmic reticulum, which shows parallel alley, are filled with dark final reaction product.
x 7,500. The extremities of the cisternae of rough-surfaced endoplasmic reticulum(rer) is fairly enlarged, especially near the Golgi area(g).
The core of the secretory granule is dark, but is not positive to the enzymatic reaction.
cne : cisternae of nuclear envelope, d: dense body of lysosomal nature, m: mitochondria, n: nucleus. x 12,500. Fig. 8 . General view of lamina propria.
The cisternae of the rough-surfaced endoplasmic reticulum (rer) are filled with the dense reaction product as well as the cisternae of the Golgi lamellae(g), regardless of the cell types in lamina propria. x 7,500.
